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EXPERIMENTAL STUDY OF TRANSITION JUNCTIONS IN ELEVATED STEEL SILOS
Zhao Yang Teng Jinguang
(Zhejiang University) (The Hong Kong Polytechnic University)
Abstract:Large elevated steel silos for the storage of bulk solids generally consist of a cylindrical vessel , a conical discharge
hopper and a skirt.The cone-cylinder-skirt junction is subject to a large circumferential compressive force which is derived
from the horizontal component of the meridional tension in the hopper , so a ring is often provided to strengthen the junction.
The strength of the junction may be limited by plastic collapse of the junction or by elastic or plastic buckling of the ring.In-
ternationally , many theoretical studies have examined the buckling and collapse strengths of these junctions and theoretically
based design proposals have been setablished , but no previous experimental study has been reported.This paper provides a
summary of a major experimental program recently undertaken at The Hong Kong Polytechnic University on the buckling and
collapse of steel silo transition junctions.A sophisticated experimental facility which can be used for buckling experiments on
thin shell structures is first briefly described.Then , typical results of three series of tests on cone-cylinder junctions under in-
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Table 1　Overall experimental program and nominal geometries of experimental models
???? ?? R (mm) α(degree) lcyl inder (mm) l skirt (mm) t cylinder (mm) tcone (mm) t skirt (mm) B×T (mm×mm)
?-??? CC-1 500 40 220  1 1   
CC-2 500.5 40 250  2 1   
CC-3 500.5 40 250  2 2   
CC-4 500 40 220  1 1  20×1
??-??-???? CCS-1 500 40 300 200 1 1 1  
CCS-2 500 40 300 200 1 1 2  
CCS-3 500 40 300 200 1 1 2  
CCS-4 500.5 40 300 200 2 2 2  
??-??-?? CCSR-1 500 40 300 200 1 1 1 20×1
-???? CCSR-2 500 40 300 200 1 1 2 30×1
CCSR-3 500 40 300 200 1 1 2 20×2
CCSR-4 500 40 300 200 1 1 2 40×1
CCSR-5 500 40 300 200 1 1 2 30×2
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Table 2　Material properties of steel plates
???? ?? (mm) ???? (MPa) ???? (MPa)
CCS?? 1 1.96×105 214
2 2.26×105 245
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Fig.6　Pressure-strain curves for cone-cylinder junctions
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Fig.7　Postbuckled model cone-cy linder junctions
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Fig.8　Model cone-cylinder-skirt junctions after final failure
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Table 3　Experimental collapse and buckling loads
for CCSR models
?? ????(kN) ????(kN) ????
CCSR-1 230 160 35
CCSR-2 410 250 31
CCSR-3 434 340 20
CCSR-4 442 160 29
CCSR-5 477 325 27
　　????????? , ???????????
???? 。? CCSR???????? , ?????
???????????????????????
? , ??????????。? 10 ??????
CCSR-2 ????? , ????????????
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Fig.10　Development of deformations on the ring
(Model CCSR-2)
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Fig.11　Fourier decomposition results for imperfections and
deformations on the ring(Model CCSR-2)
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Fig.12　Development for net deformations on the ring
with imperfections and harmonic modes 0 and 1
excluded (Model CCSR-2)
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Fig.13　Load-displacement curves for the




















???? , ?????????? [ 12] 。
?　?　?　?
[ 1] 　Jumikis P T , Rotter J M.Buckling of simple ringbeams for
bins and tanks [ A] .Proceedings of International Conference
on Bulk Materials Storage , Handling and Transportation [ C] ,
Institution of Engineers , Australia , Newcastle , 1983 , 323 ～
328
[ 2] 　Greiner R.Elastic plastic buckling at cone cylinder junctions
of silos [ A] .Buckling of Shell Structures on Land , in the Sea
and in the Air [ C] , Ed.J.F.Jullien , Elsevier , London ,
1991 , 304 ～ 312
[ 3] 　Teng J G , Rotter J M.The collapse behavior and strength of
steel silo junctions-Part I:Collapse mechanics and Part II:
Parametric study [ J] .Journal of Structural Engineering ,
ASCE , 1991 , 117 (12), 3587～ 3622
[ 4] 　Teng J G.Plastic buckling approximation for transition ring-
beams in steel silos [ J] .Journal of Structural Engineering ,
ASCE , 1997 , 123 (12), 1622～ 1630
[ 5] 　Teng J G , Rotter J M.Recent research on the behavior and
design of steel silo hoppers and transition junctions [ J] .Jour-
nal of Constructional Steel Research , 1992 , 23 , 313～ 343
[ 6] 　Teng J G.Intersections in steel shell structures [ J] .Progress
in Structural Engineering andMaterials , 2000 , 2 (4), 459 ～
471
[ 7] 　Teng J G.Cone-cy linder intersection under pressure:axisym-
metric failure [ J] .Journal of Engineering Mechanics , ASCE ,
1994 , 120 (9), 1896～ 1912
[ 8] 　Teng J G.Cone-cylinder intersection under internal pressure:
non-symmetric buckling [ J] .Journal of Engineering Mechan-
ics , ASCE , 1995 , 121 (12), 1298 ～ 1305
[ 9] 　Teng J G.Elastic buckling of cone-cylinder intersection under
localized circumferential compression [ J] .Engineering Struc-
tures , 1996 , 18 (1), 41 ～ 48
[ 10] 　Teng J G , Rotter J M.Non-symmetric bifurcation of geomet-
rically nonlinear elastic-plastic axisymmetric shells subject to
combined loads including torsion [ J] .Computers and Struc-
tures , 1989 , 32 , 453～ 477
[ 11] 　Teng J G , Zhao Y , Lam L.Techniques for buckling experim-
ents on steel silo transition junctions [ J] .Thin-Walled Struc-
tures , 2001 , 39 (8), 685～ 707
[ 12] 　 Zhao Y , Teng J G.Buckling experiments on cone-cylinder
intersections under internal pressure [ J] .Journal of Engineer-
ing Mechanics , ASCE , 2001 , 127 (12), 1231～ 1239
[ 13] 　Singer J , Arbocz J , Weller T.Buckling experiments:experi-
mental methods in buckling of thin-walled structures [ M] .
John Wiley &Sons , Chichester , England , 1998
?　?　?? , ??? , ????????????????。????:310027　?????????????????
?????
???　?? , ?? , ????????:(1)FRP ?????????;(2)???;(3)???? 。????:???
???????????????
·23·　? 37?　? 8 ? ???·????????????????
